There is growing psychological research linking affect to the content and process of thinking. This paper deals with one aspect of affect and social cognition, the interaction of affect and shared understanding. It is theorized that affect may have cognitive processing consequences for shared understanding in design. In order to investigate this question, this paper develops a research method that brings together theories and instruments from cognitive science, linguistics, and design studies to study the link between affect and shared understanding in design. First, the paper reviews a framework for analyzing the process of creating shared understanding. Second, the paper presents a linguistic framework and analysis technique for extracting affective content from language based on the explicit, conscious expression of affect through favorable and unfavorable attitudes towards specific subjects. Third, the paper proposes a model of shared understanding that is interdependent, in part, with affective processing. The linguistic analysis and shared understanding analysis framework are applied to a transcript of collaborative design to illustrate how the affective content of designers' communication shifts design activities. We find that our research method allows affect to be observed concurrently with cognitive processing and that, owing to the motivational consequences of affect, produces an axis of evaluation that could shed light on how affect organizes and drives the outcomes of design thinking.
INTRODUCTION
Since design is a (multidisciplinary) team activity, design is often seen as a social process (see e.g. [1] ). In this paper, this social process is called collaborative design. Kleinsmann [2] defined collaborative design as: the process in which actors from different disciplines share their knowledge about both the design process and the design content. They do that in order to create shared understanding on both aspects, to be able to integrate and explore their knowledge and to achieve the larger common objective: the new product to be designed. This definition relates that actors involved in a design process share their knowledge through design communication. Design communication is efficient only if actors are able to create shared understanding about the design content [3] .
Since shared understanding is believed to strongly influence the quality of the design process, research has been conducted about the way actors create shared understanding and what factors influence this process (see e.g. [4] , [5] , [6] ). Kleinsmann [2] completed research about factors that influence this process of creating shared understanding. In that research, Kleinsmann analyzed the design communication of design teams in industry. Kleinsmann emphasized what designers communicated to each other instead of how design content was communicated. Despite this bias, Kleinsmann observed that the way actors put their knowledge sharing into words affected the creation of shared understanding between them. This observation is consistent with the work of Dong [7] who postulated that the way a designer 'feels' influences the designer's behavior. Dong approached the notion of 'feeling' through the linguistic system of appraisal. By doing this, he explored the expression of affect while designing and various ways in which affect is deployed in regulating design practices.
The aim of our research is to provide more insight on the interplay between two affective phenomena, emotions and the conscious display of emotions through appraisals, and the process of creating shared understanding. Methodologically, we are faced with the problem of measuring emotions while designing. Emotions have been typically measured by asking subjects to rate on a Likert-scale their current level of an emotion, such as happiness, in response to emotion-producing stimuli (e.g., [8] ). Neuroimaging studies of human emotions using functional magnetic resonance imaging (fMRI) and positron emission tomographic (PET) images measure brain activity to find neurobiological bases for behavior, such as linking the subgenual prefrontal cortext section of the train to bipolar mood disorders [9] . The problem with the first technique is its inability to capture emotions as continuing processes which change with perceptions of circumstances. Imaging designer's brains while they work is intrusive and not practicable.
Thus, in order to conduct this research, we developed a research method to extract affective content from design content while linking the affective content to the formation of shared understanding in design. The research method responds to the need to theoretically explain affect's congruity effects or their absence with theories of design cognition. To do this, we integrated a graphical method of representing the process of shared understanding (as developed by Valkenburg [10] ), with a model of the language of appraisal in design [7] . Based on an empirical study, we observed an anticipated relationship between affect and periods of shared understanding in design, confirming the suitability of the research method.
Before describing the research method, we briefly review the theoretical constructs that the method involves: the concept of shared understanding in design, affect, and the connection between affect and language. We then detail the research method and its application on a well-known transcript in design studies, the backpack design from the 1994 Delft Protocols Workshop [11] . We conclude the paper with a discussion on the validity of the research method.
SHARED UNDERSTANDING
Weick and Roberts [12] developed the concept of the collective mind in order to explain organizational performance in situations of continuous operational reliability. Although the field is different from product design, their theory is interesting and applicable to this research. Weick and Roberts considered the mind as a set of activities rather than as an entity. This makes it possible to see the mind separate from the individual. A collective mind is then the interrelated actions of the actors. Actors in a system construct their actions (contributions) with the understanding that the system consists of actions by others (representation) and they interrelate their actions within the system (subordination). Since the interrelations between the actors are not fixed, actors construct and reconstruct them continually throughout the ongoing activities of contributing, representing and subordinating. Actors can make the connections heedful or not, which influences the quality of the collective mind.
Design teams could "lose" their collective mind, resulting in mistakes in the process of extracting and re-enacting sense to and from the system. These mistakes may result in the absence of newly generated shared frames and the failure of tuning between the actors. Valkenburg [10 p .174] defined frames as "Sensemaking devices that establish the parameters of a problem". Sensemaking means that actors try to make things rationally explainable for themselves and for others [12] . On the basis of this contextual rationality, actors create their own reality. Actors in a team should structure the different realities they have created together in a coherent way.
In order to investigate whether or not actors in a design team create shared frames, Valkenburg [10] described team design as a 'reflective practice. ' The concept of design as a reflective practice dates back to Donald Schön's book The reflective practitioner [13] . Valkenburg operationalized Schön's reflective practice paradigm to generate a formal research method to study design as a reflective practice. The reflective practice is a continuous process of four activities that alternate continuously. These four activities are framing, naming, moving and reflecting. Framing guides the design process. Frames enclose the solution space of both the design content and to the design process. Naming is the activity in which actors make things that need attention explicit. During naming a designer makes a choice of the things that matter. Actors in a design team are moving if they execute activities, such as generating ideas, exploring problems or looking at the consequences of design decisions, undertaken by the design team. Moves often contribute to reframing the design problem. There are two types of moves: moves inside frames are guided; moves outside frames seem to lack a goal.
The last activity is reflection. Reflection is the activity during which actors turn their thoughts toward what they are doing or what has been done, but on a macroscopic level. Additionally, reflection is the activity during which actors question where their actions are taking them within the design process. Actors use reflections as guidance of both project progress and project quality. Reflections can lead to reframing the problem or to new moves. Figure 1 shows the graphical system that Valkenburg developed in order to describe team communication. The frames are represented as the gray rectangles. The names are ellipses, the moves are triangles, and circles represent the reflections.
Figure 1 Design as a reflective practice
In this paper, we will use Valkenburg's method to describe the formation of shared understanding. We are particularly interested in framing and moving. If team communication takes place within a frame, this implies that actors have shared understanding about the design they are making. Moves are also interesting because they represent activities and form the representation of the collective mind of the design team.
What is not yet addressed by Valkenburg's research is the interplay of affect and shared understanding. The formation of shared understanding is tacitly presumed to be decoupled from affect. However, we anticipate finding affect-congruent shared understanding and reflection. During periods in which the designers are producing new design content, we expect to find high levels of affective content in comparison to periods when design content is being transmitted between designers. This is consistent with the intuition that the motivational consequences of affect would drive knowledge production. We further anticipate that there should be a satisfaction of the affective processor in order to signal to the rational processor that "everything is ok" before the designers would engage in a reflection on the design process. In summary, we anticipate to find interactions between affect and design cognition.
A potential reason for the lack of consideration of affect in studying shared understanding in previous studies, and design cognition in general, may be the unavailability of a reliable method for attending to affective content in design team communication. We take up this problem in the next section.
AFFECT, EMOTIONS AND LANGUAGE
To start, we should distinguish between affect, emotions, and the conscious expression of emotions. According to Davidson et al., "Emotion refers to a relatively brief episode of coordinated brain, autonomic, and behavioral changes that facilitate a response to an external or internal event of significance for the organism. Feelings are the subjective representation of emotions. Note that they can reflect any or all of the components that constitute emotion." [14] Affect is the neurobiological state incorporating emotion, feelings and other affective phenomena such as mood and temperament. Ortony [15] distinguishes between affect and emotion in the following way: affect relates to a valenced judgment whereas emotion is an affective state.
The appraisal theory of emotion states that emotions arise from an organism's evaluation of its circumstances in relation to its well-being. As such, emotion is a continuous, ongoing neurobiological process linking a situation that produces the emotion to the organism experiencing the emotion rather than innate, evolutionarily conserved, and qualitatively distinct neuropsychological phenomena. The idea is that emotions change constantly as appraisals are made. Judgments of wellbeing induced by external stimuli figure prominently in the appraisal theory of emotions.
These evaluative judgments are believed to be performed mainly in the affective neural system of the brain. Neurobiologists define the affective processor as "components of the nervous system (conceptual and neurophysiological) involved in appetitive (positive) and aversive (negative) information processing." [16, p. 133] . The limbic system has been an important conceptual neural system guiding the study of emotions as they occur in the brain [17] . Biological mapping of the brain has shown that emotions are wired through to the brain's cognitive processors and, as such, it is impossible to conceive of cognitive processing as separated into rational, emotional, and motivational categories. For example, parts of the ventral system of the limbic lobe are related to the identification of the emotional significance of a stimulus. That the output channels of the limbic lobe connect with the neocortex, the brain area linked with conscious thought, logical thinking, and language, resulting in reciprocal and interactive cognitive behaviors, suggests a tight coupling between the affective and the cognitive. Research in positive and negative affect makes the case that affective networks in the brain allow organisms to reference behaviors with respect to appraisal of external objects and behavioral actions in relation to the survival of the organism. Affective states thus help the organism to valuate the situation [18] . This narrative of positive and negative evaluations of external stimuli and their connection to emotions figures prominently in our search for a method to understand how such appraisals are expressed in language.
The available research in psychology points to a systematic connection between linguistic resources that deal with both the representation and the representability of affect and language. Human language is central to the expression of affect [16] and is comparatively easier to access nonphenomenologically than physiological or bio-physiological indicators such as heart rate and skin conductivity. Language enables humans to express their conscious awareness of emotions; therefore, language allows others to assess the subjective feeling component of affect. There is evidence coming from the psychology literature linking affect to language. Psychologists such as Pennebaker and King have established the basic psychometric properties of written language [19] to identify the words people use to express their emotional states. The main difficulty in assessing affect in language is differentiating between words that specifically refer to emotions. Ortony, Clare and Foss categorize three possible semantic foci of language: affect, behaviour and cognition [15] to construct a reliable lexicon of putative emotion words. More interestingly, studies have found that different emotions are reliably and systematically associated with appraisals [20] . Established connections between language and affect motivate our use of language as a means for assessing affect.
In linguistics, the process of expressing emotional content is called appraisal. For linguists, the interest is in the linguistic resources available to speakers and writers to express emotions and the magnitude of emotional intensity rather than the cognitive link between affect and language. Linguistic appraisals would be considered by neuroscientists as feelings.
Linguists [21] [22] define five high-level resources ( Figure  2 ) for conveying appraisals: attitude, engagement, graduation, orientation and polarity. their attributes Attitude gives the type of appraisal which is either affect (relating to emotional states), appreciation (of objects), or judgment (of agents). Engagement is the commitment to appraisal and is often considered an appraisal of the appraisal. It deals with subtle grading of the speaker's commitment to what is said. Graduation deals with the strength of the evaluation. Orientation relates to whether the appraisal is positive or negative. Polarity is labeled as marked or unmarked depending upon whether the appraisal is scoped.
To illustrate the explicit registration of each of these linguistic resources, consider the following clauses.
This is a design concept. This is not a good design concept. This is a terrible design concept. It seems that this is a terrible design concept. The first clause is not an appraisal as it does not negotiate an attitude toward the design concept; it is an existential clause. The second clause is an appraisal which expresses an attitude (appreciation) with negative orientation, and a marked polarity through the use of the word "not." The third clause invokes a larger negative orientation through the force of the word "terrible" as opposed to merely "not good." The final clause "uncommits" from the appraisal slightly by diminished engagement through the words "It seems that" which makes use of heteroglossia (as if others have made the appraisal that the design concept is not good).
What makes the linguistic theory of appraisal useful is that it allows us to impute emotion from the orientation of the appraisal; negative linguistic appraisals are assumed to arise from negative affective appraisals. The model for the language of appraisal presented in this paper is intended to analyze design text, that is, text that is written by designers or transcribed from designers' verbal communication to give an account of designing and the designed work, as a means for identifying the emotional significance of stimuli encountered whilst designing and the ensuing production of an affective state. This model is an adaptation and update from the basic linguistic model that takes into account several deficiencies such as in the conceptual distinction between appreciation and judgment. A full discussion of the theory underlying the model of the language of appraisal in design is presented elsewhere [7] . What is important to emphasize, however, is that, in accord with Ortony's distinction between affect and emotion, the language of appraisal in design deals with designers' valenced reaction to the design context or situation rather than the concomitant affective state. That is, the model accepts the view that affect can be reliably displayed through appetitive and aversive reactions to agents, objects, and events. These appetitive and aversive reactions manifest in language through the linguistic resources of appraisal and in particular through affective and/or evaluative words. For brevity, we refer to these as the affective content of the text.
To date, structured linguistic analysis of text has been developed to ascertain appraisals in text developed within the theory of Systemic-Functional Linguistics [23] . The technique of systemic functional linguistics attempts to eliminate subjectivity in linguistic analysis by following a prescriptive, objective method for the functional-semantic analysis of the grammar and the participants in the grammar. It overcomes the inter-coder reliability issue as only a single correct (with respect to the context of the text and the lexico-grammatical framework of Figure 2 ) analysis of the grammatical form of a clause exists.
While a full explanation of the SFL functional grammar analysis is beyond the scope of this paper (see [24, pp. 206-253 ] for a detailed explanation), we provide a flavor for the analysis in the following example to highlight the relatively high level of objectivity of the grammatical analysis. For details about dealing with complex clauses, words that signify the Process types and Participants, using grammar to categorize product form and behavior, distinguishing affect and cognitivebehavior, and handling appreciation versus judgment, we refer the reader to a prior paper on this topic [7] . The example will use the clause (t 999) "it just doesn't seem real elegant to me" from the Delft Protocols Workshop. The analysis proceeds as follows: [7] to determine the category of the clause. The category identifies whether the subject of the appraisal is the design work (Product), the design process (Process), or the people doing the design work (People). 
RESEARCH METHOD
3. Examine the interplay between the affective content in the appraisals and design cognition. In order to investigate the interplay between affect and shared understanding, we used the protocols of the Ivan, John and Kerry tape from the Delft Protocols Workshop. Ivan, John and Kerry are three experienced designers who were asked to design a frame for attaching a backpack on a bike. Their design process was videotaped and their communication process was transcribed. The design experiment took two hours.
For this study, we have chosen the Ivan, John, and Kerry tape since Valkenburg [3] [10] used the same data set to describe team communication as a reflective practice. This prior research provides a validated description of the design process as a reflective practice and the formation of shared understanding that is applicable for this study. Such external validation allows us to align affect to the production of shared understanding for a known data set.
Step 1: Two researchers (the authors) coded the appraisals together. The appraisals were coded for category (product, process, or people), and orientation (positive or negative). The first researcher examined the transcripts from a linguistic point of view, using the technique of functional grammatical analysis to extract appraisals from the text as described above. The second researcher examined the text from a designer viewpoint to the team communication. If one of the researchers found an appraisal in the protocol, they discussed if they both agreed. If the two researchers agreed, the fragment of the protocol was coded as an appraisal. In any appraisal, a formal grammatical explanation for the appraisal was required. That is, it was not sufficient merely to interpret an appraisal from the text.
The research team encountered several challenges, which merit discussion, in coding the appraisals.
Dealing with explicitly and implicitly registered appraisals
-The functional grammatical analysis technique is complicated by speakers' use of techniques for registering appraisals beyond a single clause such as quantification (in amount and time) and comparison. Here are examples which use quantification in amount (enumeration) and comparison to register the speaker's attitude.
a. Quantification in amount -In segment (t 1053), John appraises his idea of "little snaps" by quantifying its merits through three justifications flagged by the conjunction term "so", one justification flagged by "then", and finally three justifications flagged as actions "you" could do given his proposed solution. The number of reasons John delineates expresses his positive attitude toward the snaps. b. Quantification in time -Time is critical in product development and is thus a marker for attitude when it signals urgency. John uses this linguistic resource to express his negative orientation toward not having identified the needed parts in (t 1668) "so with that we're like two parts plus straps right now but we don't we don't have this critter identified now". c. Comparison -(t 1066) "if we used um aluminum tubing instead of er instead of steel tubing not only is there a weight savings but we could er meet the ugly spec" By comparing aluminum to steel tubing, John signals his attitude against steel tubing.
2. Appraisals of Process that relate to the Product -At times, the speaker refers to a design process as in (t 1060) "you're eating into the margin there" but actually refers to an attribute of the product "eating into the margin." In these cases, we categorized the appraisal as being about the Product rather than Process.
Is a suggestion of an idea always attitudinally positioned?
-In a prior paper [25] , we proposed that the projection of possibilities is one way that designers linguistically present (suggest) design concepts. For example, in (t 783) Kerry suggests, "what if we had some sort of Velcro strap or something that." Does this mean that she prefers Velcro straps? We decided to code such projections of possibility as expressing an appraisal only when those projections include explicitly registered affective content such as when Ivan (t 1478) proposes a way to connect a bungee. In bold face font are the linguistic resources of appraisal and in italic is the projection of possibility through the use of the word "could": "you can know [Engagement] the tray could just [Graduation] have two punch holes for the bungee to go over it I think [Engagement]". Contrast this with an alternative expression "the tray could have two punch holes for the bungee to go over it" which we would not code as having sufficient affective content to encode Ivan's attitude toward the punch holes.
Engagement through "I don't know" -A common
technique the speakers used to (dis)engage with an appraisal is to comment on the ongoing mental state in relation to the object being appraised. "I don't know" and "I (just) think" are the most common linguistic manifestations of this. For example, J in (t 447) says, "I just think another there's a kind of other class of solutions outside of our design problem and that's that you could somehow use the external frame and wouldn't need the rack maybe it's some sorta like" and then hedges even further in (t 449) with "I don't know maybe" to signal his appraisal of the "other class of solutions." These should not be considered as just descriptions of mental dispositions.
Step 2: We divided the appraisals into "chunks" in which the chunk boundaries separate the design teams' actions into the various activities in the reflective practice. Each chunk represents a set of utterances which indicate one of the four activities in the reflective practice: naming, framing, moving, or reflecting. By numbering the activities of Valkenburg's graphic representation of the team communication, we know which chunk in the graph represents what activities.
Step 3: For each reflective practice chunk, determine how many appraisals occurred. Using this alignment between appraisals and design activities, we can then analyze for the interplay between affective content within each activity and in the transition from one activity to the next.
RESULTS AND DISCUSSION
The number of appraisals per chunk (scaled by multiplication factor of 100 for graphing purposes) is shown in Figure 3 . The alignment of the appraisals with the various chunks of activities in the reflective practice is visualized in Figure 4 . The protocol starts at the upper left and moves to the right side of the figure. After that, it continues on the second line and so forth. The numbers in the shapes correspond with the numbers on the x-axis of Figure 3 . The saturation of the shapes corresponds with the amount of appraisals per chunk. The dark grey shapes with the white numbers contain 15-20 (x100) appraisals per chunk. The grey shapes with the white numbers that are a bit less saturated contain 10-15 (x100) appraisals per chunk. The light grey shapes with the black numbers contain 5-10 (x100) appraisals per chunk. The white shapes with the black numbers contain 0-5 (x100) appraisals per chunk.) The horizontal number above a shape is the time within the protocol when the activity commenced. The indicator (t x to t x+n ) corresponds with the particular duration of 't's' (the index into the protocol during which the activity occurred) that the shape represents. The total number of 't's' shown as #t, such as 36t, is a count of the number of utterances during that period. The duration of the activity is indicated by # min ## such as 2 min 21 for 2 minutes and 21 seconds. The activity itself is described above the shape. These moves contain activities such as: evaluate existing design, formulating design features, generating ideas based on existing products and materializing the design. Moves that have 10-15 (x100) sentiments per chunk are related to moves that mostly contain knowledge creating activities. The other moves in this group are related to inventories and evaluations of (the status of) the design. Chunks that contain the least amount of appraisals represent moves that are related to sharing existing knowledge/information so that it becomes useful for the current design project. Examples of this type of knowledge include analyzing ergonomic issues and reading marketing report. Related to this finding is that most reflections show no appraisal at all. Chunks 6, 8, 35, 41, 50, 56, 66 are all reflections. This shows that a decrease in appraisal signals "satisfaction" of the affective processor, enabling reflection to happen.
Most frames start with an increase in appraisals and end with a decrease in appraisals. The frames are chunk 11-18, 22-30, 31-35, 36-46, 49-50, and chunk 57-69. Also, the highest peaks in the amount of appraisals occurred while the actors were framing. Only the peak of chunk 4 occurred outside a frame. This means that brain's affective processor could be said to be the gatekeeper between knowledge states developed/produced by each team member. This also implies that satisfaction of the affective processor allows the design team to proceed into new design content. Table 1 and 2 show the classification of the elements of the reflective practice inside and outside frames. Within a frame there is shared understanding and outside a frame there is no shared understanding. The classification was based on the number of appraisals (again multiplied by 100) per chunk. Table 1 shows that there was hardly any affective communication occurring outside the frames. Since design is a process of negotiation (often without shared understanding), this finding seems remarkable. Aspects of their design situation make their design process different from collaborative design in practice where negotiation is important. Ivan, John and Kerry are designers with a rather similar background, whereas design teams in practice are more multidisciplinary and come from various "departments." Furthermore, Ivan John and Kerry are performing their design task together. There is hardly any division of labor, which normally causes the need for negotiation. Table 2 shows that the team communication within the frames does not contain a high level of affective most of the time. The reason for this might be the engagement with the design task. There is no direct interest (or desire) for Ivan, John and Kerry to perform particularly well on this design task other than to complete the design task on time. There is no market imperative to design the "best" backpack rack. This lack of extrinsic motivation would likely influence their overall motivation toward the designed work and the design task. 
CONCEPTUAL FRAMEWORK
The movement of Ivan, John, and Kerry between various states of shared understanding and affective content suggests that the integration of affect and shared understanding would allow us to map out the effect of affect and shared understanding on the type of designing achieved. Extrapolating from the results of the analysis, we make the following observations on a relationship between affect, shared understanding, and designed described with the use of the coordinate system shown in Figure 5 . The x-axis of Figure  5 shows that an actor can either have shared understanding or not. In the reflective practice model, the actors have shared understanding within a frame and no shared understanding between two different frames. In practice, actors may have levels of shared understanding. The y-axis of Figure 5 scales affective content between high affective and low affective content. The interplay between creating shared understanding and affect can be described by one of the four quadrants of the coordinate system.
Figure 5 Model for describing the relationship between affect and creating shared understanding
For innovative design, actors have to create new knowledge. Our analysis of this transcript suggests that knowledge creation requires, or is at least accompanied by, high affective content. Our explanation would be that high levels of affect facilitate generative, productive thinking allowing the creative production of design content. That is, the designers are "engaged" with the design process and "committed" to the designed work. In addition to knowledge creation, the actors must also be able to integrate their different knowledge bases [2] . Knowledge integration requires shared understanding between the actors. If actors have shared understanding and their communication is highly affective, this is coded as: agreement, innovative design. The term agreement is used here because agreement is shared understanding (= shared intended meaning) plus affect (agreement means consensus or likeness). Ivan, John and Kerry exhibit this behavior within frames during which new knowledge is generated and there is shared understanding.
It can also be that the actors have shared understanding, yet the communication is low in affective content. This means that the actors will be able to integrate their knowledge, but there will be relatively little new knowledge creation.
Therefore, this will lead to routine design. Ivan, John and Kerry exhibit this behavior during frames in which moves are related to inventories and evaluations of the design.
The lack of interest in the design process and designed work may tend to produce the use of stored, experiential information to "just get the job done". The results from this study suggest that cognitive appraisal processes is implicated in the resulting design cognition and the resulting designed work. There is data to suggest that affect-intensive periods coincide with the generation and evaluation of design solutions whereas "emotionless" exchange coincides with analysis. The end of highly affective periods generally indicates both the conclusion of a period of intense design activity and the start of a short reflective period.
DISCUSSION OF RESEARCH METHOD
This paper presented a method to study the relationship between shared understanding and affect and the results of the analysis of a design session based on the method. By establishing this link, we created a connection between design content and the conscious display of affect through language.
First, we developed and implemented a research method for connecting shared understanding and affect. Second, extrapolating from the results of our study, we developed a framework that described the relationship between affect and shared understanding. This framework can be used in future studies. In the remainder of this section, we will discuss the validity of the research method proposed and the findings. Both methodological concerns and the applicability of the method in future studies will be discussed.
In order to create an internally valid study, we coded all data with multiple coders. We used Valkenburg's [10] data for describing team communication as a reflective practice. Valkenburg coded the data set with multiple coders that had a sufficient inter-rater reliability. Second, two researchers coded the appraisals according to the linguistic system as described in this paper. While researchers in functional grammar are continuing to ascertain the inter-coder reliability issues regarding the labeling of ambiguous clauses, practitioners of functional linguistics claim that functional linguistics prescribes a rigorous and objective set of rules to ascertain the appropriate process label and the grammatical parse. As such, the need for multiple coders, as is usually required by verbal protocol analysis, is diminished except for outlier complex clauses. The use of two coders, however, minimizes interpretive errors in ascertaining the category and orientation of the appraisal and the orientation.
Another aspect to take into account is external validity. Since we completed only a single study, the external validity of our finding is rather weak. Although the high number of utterances, appraisals, and design activities gives us sufficient data points to correlate appraisals to design activities within this protocol, no generalizations about the interplay between affect and the formation of shared understanding can yet be made on the basis of this study to other design teams and situations. The laboratory setting of the Ivan, John and Kerry team may not reflect the realities of design in industry. The professional background of the designers may or may not encourage the display of or use of affective stances in design. These factors are difficult to control, but should be foregrounded to qualify these results.
The major challenge to this research method lies in construct validity. Is language a reliable indicator of affect? Is counting the number of appraisals a reasonable technique for assessing the level of affective content in each designer's mind? While there are theoretical justifications for the correlation between language and affect, unfortunately, we are not yet in a position to argue for strong construct validity until a sufficient number of correlations from numerous studies of design communication using this research method are completed.
There is supporting evidence from other studies which would partially support the construct validity of the research method and the observation in this study that high levels of affective content is indicative of and possibly strongly influences knowledge production during shared understanding. According to a qualitative profile of this team [26] , John is the ideas person and is the most active in driving the direction of the team. Ivan is the process manager and the time keeper who summarizes but weakly influences the team. Kerry has the most domain knowledge and appears to make specific contributions to the functional specifications. There were a total of 2153 utterances in the protocol, with Ivan contributing 786 (36%), John 793 (37%), and Kerry 574 (27%). Yet, Ivan contributed 127 (29%), John 175 (41%), and Kerry 128 (30%) of 430 appraisals. Thus, John's higher level of affective content seems linked to his profile as the ideas person, which could not be explained simply by the number of utterances he made, which was roughly equivalent to the number made by Ivan. This finding that high affective content is related to idea generation is also congruent with the finding that a high level of abstraction in John's language was also related to his profile as the idea generator [27] . It is difficult to isolate affect as the driver of ideas generation, but we might make the observation that it coexists with these other linguistic factors in an anticipated manner. That is, we anticipate that "motivated" designers would have higher levels of affective content and be more likely to produce new knowledge and be ideas generators in comparison to "bored" or "rote" designers.
Finally, we might ask if the expression of a negative linguistic appraisal is concurrent with appraisal in the brain. That is, the question is whether a linguistic appraisal such as (t 547) "it's a nice thing to attach to the seat post" is indicative of an appraisal occurring in the brain. At minimum, we could say that the intentional linguistic expression of appraisal is not possible without affective processing in the brain. It is, however, possible that affective appraisals are occurring in the brain with no manifestation linguistically or otherwise. This research shows that when appraisals are consciously manifested, they provide a means to parse design activities, such as helping to identify the start of reflection, and align affective processing with the logical thinking that is normally studied by protocol analysis in design research.
The main purpose of this research was to develop a research method (instrument) that could be applied to a wide range of design communication with a high level of robustness for extracting affective content from design communication and aligning the affective content with "rational" design cognitive processes. The rigor and formality of functional grammatical analysis combined with the wellknown method for ascertaining frames (shared understanding) in the design as reflective practice paradigm means that the research method is likely to be reproducible across other data sets and test conditions. Since the connection between affect and design cognition is rather unattended in the designer behavior and cognitive modeling literature, the development of a robust research method and set of instruments is a critical step to explore this uncultivated area.
CONCLUSIONS
The challenging view made in this research is that a designer's affective content is accessible through the language of appraisal. Second, our view is that the mind's affective processor coexists with "rational" design cognition and that the collective mind is influenced by the affective processor in each designer's mind. Given these views, the research method developed in this paper "separates" affective content from activities in the reflective practice in order to analyze the design transcript for appraisals. In doing so, we found an alignment between patterns of appraisals and the formation of shared understanding. This result would suggest interplay between affect and shared understanding that has heretofore not been carefully acknowledged. While the analysis of one transcript is insufficient to claim that the mind's affective process "drives" the formation of shared understanding, the results point to an affect-as-cognition theory. We will continue this analysis at the 2007 Design Thinking Research Workshop in London which includes the transcripts of professional designers working on an industry project. Such
